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(57) ABSTRACT 

A method for determining a mask pattern is described. 
During the method, a ?rst mask pattern that includes a 
plurality of second regions corresponding to the ?rst regions 
of the photo-mask is provided. Then, a second mask pattern 
is determined based on the ?rst mask pattern and di?cerences 
between a target pattern and an estimate of a Wafer pattern 
that results from the photolithographic process that uses at 
least a portion of the ?rst mask pattern. Note that the 
determining includes di?cerent treatment for di?cerent types 
of regions in the target pattern, and the second mask pattern 
and the target pattern include pixilated images. 
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MASK-PATTERN DETERMINATION USING 
TOPOLOGY TYPES 

CROSS-REFERENCE 

[0001] This application claims the bene?t of Us. Provi 
sional Application No. 60/723,319, ?led Oct. 3, 2005, Which 
is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to techniques for 
determining mask patterns for lithographic processes that 
use photo-masks and Write patterns for semiconductor 
manufacturing processes that use Write devices. 

[0004] 2. RelatedArt 

[0005] Lithography processing represents an essential 
technology for manufacturing Integrated Circuits (IC) and 
Micro Electro-Mechanical Systems (MEMS). Lithographic 
techniques are used to de?ne patterns, geometries, features 
or shapes (henceforth referred to as ‘patterns’) onto an 
integrated circuit die or semiconductor Wafer or chips Where 
the patterns are typically de?ned by a set of contours, lines, 
boundaries, edges or curves (henceforth referred to as ‘con 
tours’), Which generally surround, enclose, and/or de?ne the 
boundary of the various regions Which constitute a pattern. 

[0006] Demand for increased density of features on dies 
and Wafers has resulted in the design of circuits With 
decreasing minimum dimensions. HoWever, due to the Wave 
nature of light, as dimensions approach siZes comparable to 
the Wavelength of the light used in the photolithography 
process, the resulting Wafer patterns deviate from the cor 
responding photo-mask patterns and are accompanied by 
unWanted distortions and artifacts. 

[0007] Techniques such as Optical Proximity Correction 
(OPC) attempt to improve resolution and/or a process Win 
doW in a photolithography process by appropriately pre 
distorting the photo -mask pattern such that the Wafer pattern 
is printed more accurately. In addition, other techniques 
knoWn as resolution enhancement technologies (RET) also 
modify the design of the photo-mask in order to improve 
photolithography. HoWever, even With these various 
approaches, as the density of features has increased, it has 
become increasingly dif?cult to determine suitable mask 
patterns that correspond to photo-mask patterns Which print 
acceptable Wafer patterns. In addition, similar challenges 
occur in mask-less semiconductor processes, such as those 
that use a Write device to print a Wafer pattern based on a 
Write pattern. 

[0008] Hence What is needed are improved systems and 
methods for facilitating determination of mask patterns 
and/ or Write patterns. 

SUMMARY OF THE INVENTION 

[0009] One embodiment of the present invention provides 
a method for determining a mask pattern During the method, 
a set of regions are determined Which correspond to different 
locations on a target pattern. Then, a mask pattern is 
determined based on a model of a photolithographic process. 
During the determining of the mask pattern, the different 
regions are treated differently. Pixilated images are used to 
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represent at least one of the folloWing: the target pattern, the 
mask pattern, or one or more of the regions. The pixilated 
images may use grayscale to represent the boundaries of the 
regions With sub-pixel resolution. 

[0010] In some embodiments, the mask pattern is deter 
mined based on a set of parameters, some of Which are 

different in the different regions. In some embodiments, the 
different parameters includes different Weighting of the 
different types of regions When calculating a merit function, 
the merit function indicating the suitability of a mask pattern 
for use in the photolithographic process. For example, the 
merit function might compare the difference betWeen a 
simulated Wafer pattern based on the photolithography 
model With the target pattern. In some embodiments, a ?rst 
region including one or more corners in the target pattern 
may have a loWer Weight than a second region that includes 
one or more straight portions in the target pattern. In some 
embodiments, at least some of the Weights may be de?ned 
based on user criteria and/or based on topology of one or 
more types of features in the target pattern. Note that the 
features may include edges. 

[0011] In some embodiments, the different treatment 
includes different convergence criteria and/or different mask 
rules for the different regions. 

[0012] In some embodiments, the estimated Wafer pattern 
is determined using a model of the photolithographic pro 
cess. This model may include a photo-resist model or an 
etch-model. 

[0013] In some embodiments, the different regions are 
associated With different geometries of the target pattern, 
such as inner comers, outer comers, straight portions, angu 
lar portions, rectangular end portions or line ends, and 
transitional regions betWeen any tWo respective regions in 
the target pattern. Note that at least some of the different 
regions may at least partially overlap. Also note that at least 
one type of region in the different types of regions may 
include one or more gates in an integrated circuit. Further 
more, the different types of regions may include regions 
de?ned based on at least a subset of functionality in the 
integrated circuit. Regions may also correspond to the 
locations Which are far from the edges of the target pattern, 
either inside or outside of the polygons in the target pattern. 
Furthermore, the different regions may be de?ned based on 
at least a subset of functionality in the integrated circuit, or 
based on user-de?ned criteria. 

[0014] In some embodiments the target pattern and the 
estimated pattern include bitmap images and/or grayscale 
images. Therefore, in some embodiments the determining is 
performed at sub-pixel resolution. 

[0015] In some embodiments, the determining is per 
formed over a range of process conditions in the photo 
lithographic process. In addition, the determining may 
include an optical proximity correction. For example, in 
some embodiments the determining includes calculating a 
gradient of a function. This function may depend on the ?rst 
mask pattern and the estimate of the Wafer pattern. Note that 
the gradient may be calculated based on a formula obtained 
by taking a derivative of the function. 

[0016] Another embodiment provides a computer system 
con?gured to execute instructions corresponding to at least 
some of the above-described operations. 
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[0017] Another embodiment provides a computer-pro 
gram product for use in conjunction With the computer 
system. 

[0018] Another embodiment provides a photo-mask for 
use in the photolithographic process. This photo-mask is 
determined using the above method for determining a mask 
pattern. 

[0019] Another embodiment provides a semiconductor 
Wafer. This semiconductor Wafer is produced in the photo 
lithographic process that includes the photo-mask deter 
mined in accordance With the above method 

[0020] Another embodiment provides a data ?le stored in 
a computer-readable memory that includes information cor 
responding to the mask pattern. 

[0021] Another embodiment provides a method for deter 
mining a Write pattern to be used by a Write device in a 
semiconductor-manufacturing process. The Write pattern is 
determined in accordance With the above method. 

[0022] Another embodiment provides a semiconductor 
Wafer. This semiconductor Wafer is produced in the semi 
conductor-manufacturing process that includes the Write 
device that uses the Write pattern determined in the above 
described method. 

[0023] Another embodiment provides a data ?le stored in 
a computer-readable memory that includes information cor 
responding to the Write pattern. 

INCORPORATION BY REFERENCE 

[0024] All publications and patent applications mentioned 
in this speci?cation are herein incorporated by reference to 
the same extent as if each individual publication or patent 
application Was speci?cally and individually indicated to be 
incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The novel features of the invention are set forth 
With particularity in the appended claims. A better under 
standing of the features and advantages of the present 
invention Will be obtained by reference to the folloWing 
detailed description that sets forth illustrative embodiments, 
in Which the principles of the invention are utiliZed, and the 
accompanying draWings of Which: 

[0026] FIG. 1 is a block diagram illustrating a feature in a 
pattern and associated regions in accordance With an 
embodiment of the present invention. 

[0027] FIG. 2 is a block diagram illustrating a computer 
system in accordance With an embodiment of the present 
invention. 

[0028] FIG. 3 is a How chart illustrating a process for 
determining a mask pattern in accordance With an embodi 
ment of the present invention. 

[0029] FIG. 4 is a How chart illustrating a process for 
determining a Write pattern in accordance With an embodi 
ment of the present invention. 

[0030] FIG. 5 is a block diagram illustrating a data struc 
ture in accordance With an embodiment of the present 
invention. 
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[0031] Note that like reference numerals refer to corre 
sponding parts throughout the draWings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] While preferred embodiments of the present inven 
tion have been shoWn and described herein, it Will be 
obvious to those skilled in the art that such embodiments are 
provided by Way of example only. Numerous variations, 
changes, and substitutions Will noW occur to those skilled in 
the art Without departing from the invention. It should be 
understood that various alternatives to the embodiments of 
the invention described herein may be employed in practic 
ing the invention. It is intended that the folloWing claims 
de?ne the scope of the invention and that methods and 
structures Within the scope of these claims and their equiva 
lents be covered thereby. 

[0033] The folloWing description is presented to enable 
any person skilled in the art to make and use the invention, 
and is provided in the context of a particular application and 
its requirements. Various modi?cations to the disclosed 
embodiments Will be readily apparent to those skilled in the 
art, and the general principles de?ned herein may be applied 
to other embodiments and applications Without departing 
from the spirit and scope of the present invention. Thus, the 
present invention is not intended to be limited to the embodi 
ments shoWn, but is to be accorded the Widest scope 
consistent With the principles and features disclosed herein. 

[0034] Embodiments of a computer system, a method, and 
a computer program product (i.e., softWare), and data struc 
tures or ?les for use With the computer system are described. 
These systems, processes, and data structures may be used 
to determine mask patterns that, in turn, may be used When 
producing photo-masks. The photo-masks may be used in 
(photo-)lithographic processes to produce semiconductor 
Wafers that have associated printed Wafer patterns. Altema 
tively, the systems, processes, and data structures may be 
used to determine Write patterns. These Write patterns may 
be used by Write devices in mask-less semiconductor manu 
facturing processes to produce semiconductor Wafers. 

[0035] In particular, regions in a target pattern that is to be 
printed on a semiconductor Wafer may be de?ned. In some 
embodiments, the different regions are associated With dif 
ferent geometries of the target pattern, such as inner corners, 
outer comers, straight portions, angular portions, rectangular 
end portions or line ends, and transitional regions betWeen 
any tWo respective regions in the target pattern. Note that at 
least some of the different regions may at least partially 
overlap. Also note that at least one type of region in the 
different types of regions may include one or more gates in 
an integrated circuit. Furthermore, the different types of 
regions may include regions de?ned based on at least a 
subset of functionality in the integrated circuit. 

[0036] Regions may also correspond to the locations 
Which are far from the edges of the target pattern, either 
inside or outside of the polygons in the target pattern. 
Furthermore, the different regions may be de?ned based on 
at least a subset of functionality in the integrated circuit, or 
based on user-de?ned criteria. 

[0037] When determining the mask pattern and/or the 
Write pattern to be used to print a Wafer pattern that is to 
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approximate this target pattern, these regions may be treated 
differently. For example, in some embodiments, a mask 
pattern is determined based on an initial mask pattern, or a 
Write pattern is determined based on an initial Write pattern. 
In addition, the mask pattern or the Write pattern may be 
determined based on a target pattern and a model of a 
photolithography process. During the determining, the dif 
ferent regions may have different Weights, different conver 
gence criteria, different mask rules (such as those pertaining 
to a rectilinear projection operation), or other parameters 
that vary depending upon the region. In some embodiments, 
pixilated images are used to represent at least one of the 
following: the target pattern, the mask pattern, or one or 
more of the regions. The pixilated images may use grayscale 
to represent the boundaries of the regions With sub-pixel 
resolution. 

[0038] We noW describe embodiments of a computer 
system, a method, software, and data structures for deter 
mining mask patterns and/or Write patterns. 

[0039] In solving optimiZation problems of the type 
described above, or in other problems related to photo 
masks, or CAD problems regarding the design of electronic 
circuits, such as those that arise in the Electronic Design 
Automation industry (EDA), it may be desirable to treat 
different portions of a pattern differently. For example, in 
OPC, it may be desirable to optimiZe line ends differently 
from gates. This is illustrated in FIG. 1, Which provides a 
block diagram illustrating a feature 110 in a pattern (such as 
a target pattern) and associated regions 112, 114, 116, 118, 
and 120 in accordance With an embodiment 100 of the 
present invention. These regions are de?ned around edges in 
the feature that are to be printed on a Wafer. In particular, the 
different regions correspond to different types of regions in 
the feature 110. For example, the different types of regions 
may include comers (regions 112), rectangular end portions 
(regions 114), straight portions (regions 118), angular por 
tions (regions 120), and/or transitional regions (regions 116) 
betWeen any tWo respective regions. 

[0040] Note that the different regions may have different 
siZes. For example, regions 112 associated With corners in 
the feature 110 are larger than regions 118 associated With 
straight portions in the feature 110. Note that at least some 
of the regions 112, 114, 116, 118, and/or 120 may overlap, 
such as region 116-2 and region 118-1. As discussed further 
beloW, the regions 112, 114, 116, 118, and 120 may de?ne 
areas in the target pattern that may be treated differently 
When determining a mask pattern and/ or a Write pattern that 
is associated With the target pattern. For example, in some 
embodiments such mask patterns or Write patterns are deter 
mined using an iterative calculation that uses different 
convergence criteria for one or more of the different regions. 

[0041] Alternatively, the iterative calculation may be 
based on a difference betWeen the target pattern and an 
estimated pattern that is to be printed on a Wafer using a 
lithographic process Which includes a photo-mask associ 
ated With the mask pattern and/or Which drives a Write 
device based on the Write pattern. When determining this 
difference, different Weights may be used for the different 
regions. For example, a ?rst type of region including one or 
more corners in the target pattern may have a loWer Weight 
than a second type of region that includes one or more 
straight portions in the target pattern. 
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[0042] And in some embodiments, the mask pattern or the 
Write pattern that is determined in such a calculation is 
subject to a rectilinear-projection operation having a mini 
mum segment length and that conserves an area of features 
in the mask pattern or the Write pattern. This operation may 
be performed in order to improve the manufacturability (i.e., 
in order to loWer the cost) of the associated photo-mask . 
During this operation, the different mask rules (such as 
different tolerances associated With the rectilinear projec 
tion) may be applied for one or more of the different regions. 
In this Way, features in the mask pattern or the Write pattern 
that correspond to comers in the target pattern may be 
subject to a more aggressive rectilinear-projection operation 
than features in the mask pattern or the Write pattern that 
correspond to straight portions in the target pattern. 

[0043] Note that these iterative calculations may include 
an optical proximity correction. As discussed further beloW, 
in some embodiments the determining includes calculating 
a gradient of a function, such as a merit of error function 
(Which is proportional to the difference betWeen the target 
pattern and the estimated pattern). Note that the gradient 
may be calculated based on a formula obtained by taking a 
derivative of the function. 

[0044] In an example embodiment, the mask pattern or 
Write pattern is determined using an inverse calculation, in 
Which a desired or acceptable Wafer pattern is used to 
determine a photo-mask or an input pattern to a maskless 
lithography tool. 

[0045] Furthermore, in some embodiments the estimated 
Wafer pattern is determined using a model of the photo 
lithographic process. For embodiments of a lithographic 
process, this model may include a photo-resist model or an 
etch model. In an example embodiment, the estimated 
pattern is determined using a model of a photolithography 
process. 

[0046] The regions 112, 114, 116, 118, and/or 120 may be 
de?ned based on user criteria and/or With topology of one or 
more of the regions 112, 114, 116, 118, and/or 120 in the 
feature 110. Furthermore, at least one of the regions 112, 
114, 116, 118, and/or 120 may include one or more gates or 
line ends in an integrated circuit, and/or may correspond to 
at least a subset of functionality in the integrated circuit. This 
approach to classifying the different types of regions may be 
useful in determining an impact of particular regions on 
manufacturing yield and/or proper circuit function (for 
example, a transistor gate may be particularly important and 
therefore regions corresponding to a gate may be treated 
accordingly). 

[0047] In some embodiments, the regions 112, 114, 116, 
118, and/or 120, the target pattern, one or more mask 
patterns, and/or an estimated Wafer pattern may be repre 
sented by bitmap images and/or grayscale images. In some 
embodiments the grayscale image is a distance function in 
Which the value of the various pixels indicates a distance to 
the edge or contour of the feature 110. Such representations 
may include binary pixels, or may involve continuous tone 
or gray scale pixels. These may represent either a continuous 
tone pattern, or may implicitly represent a binary pattern 
(such as a chrome on glass photo-mask). Note that the 
patterns initially in a polygontype format (such as GDSII) 
may be converted into a pixel-based format, an image-based 
format, or area-based format prior determining the mask 
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pattern and/or Write pattern. Therefore, in some embodi 
ments one or more patterns and/or images used in the 
determining and/or calculations may be compatible With 
formats including GDSII or Oasis. Also note that for those 
embodiments With grayscale images, the determining of the 
mask pattern and/ or the Write pattern, as Well as determina 
tion of differences betWeen the target pattern and the esti 
mated pattern may be performed at sub-pixel resolution. 

[0048] In addition, to determining suitable mask patterns 
and/or Write patterns, calculations may be performed to 
determine or verify that the mask patterns and/or Write 
patterns result in a large enough process WindoW. As a 
consequence, the determining may be performed over a 
range of process conditions in the photo-lithographic pro 
cess. 

[0049] The lithographic process used to print a Wafer 
pattern that is to approximate a target pattern that includes 
regions 112, 114, 116, 118, and/or 120 may include a Wide 
variety of process and/or optical conditions. For example, 
off-axis illumination, dipole illumination, quadropole illu 
mination, quasar illumination, incoherent illumination, 
coherent illumination, and/or any arbitrary illumination 
aperture may be used. In addition, one or more light sources 
may include I line, g line, a Wavelength of 193 nm, a 
Wavelength of 248 nm, immersion, and/or any other optical 
lithography Wavelength in air, Water, or other ?uid or gas. 
Furthermore, the mask patterns may correspond to photo 
masks that include polarizing regions, chrome regions, 
phase-shifting regions, or attenuated phase shifting regions. 

[0050] The semiconductor-manufacturing process may 
use a laser-Writer or direct-Write device. In these embodi 
ments, the mask pattern (corresponding to the photo-mask) 
described above is not physically manifested. Instead, there 
is a Write pattern that is to guide the Writing of the direct 
Write device in order to print the target pattern on a Wafer. 
Note that the lithographic process and/ or the semiconductor 
manufacturing process may include multiple exposures. 

[0051] Note that in some embodiments the feature 110 in 
the pattern may include feWer or additional components, tWo 
or more components may be combined into a single com 
ponent, and/or a position of one or more components (such 
as one ofthe regions 112, 114, 116, 118, and/or 120) may be 
changed. 

[0052] FIG. 2 provides a block diagram illustrating a 
computer system 200 in accordance With an embodiment of 
the present invention. The computer system 200 includes 
one or more processors 210, a communication interface 212, 
a user interface 214, and one or more signal lines 222 
coupling these components together. Note that the one or 
more processing units 210 may support parallel processing 
and/or multi-threaded operation, the communication inter 
face 212 may have a persistent communication connection, 
and the one or more signal lines 222 may constitute a 
communication bus. Moreover, the user interface 214 may 
include a display 216, a keyboard 218, and/or a pointer 220, 
such as a mouse. 

[0053] Memory 224 in the computer system 200 may 
include volatile memory and/ or non-volatile memory. More 
speci?cally, memory 224 may include ROM, RAM, 
EPROM, EEPROM, FLASH, one or more smart cards, one 
or more magnetic disc storage devices, and/or one or more 
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optical storage devices. Memory 224 may store an operating 
system 226 that includes procedures (or a set of instructions) 
for handling various basic system services for performing 
hardWare dependent tasks. The memory 224 may also store 
communications procedures (or a set of instructions) in a 
communication module 228. The communication proce 
dures may be used for communicating With one or more 
computers, devices and/or servers, including computers, 
devices and/or servers that are remotely located With respect 
to the computer system 200. 

[0054] Memory 224 may also include one or more pro 
gram modules (or a set of instructions), including a veri? 
cation module 230 (or a set of instructions) for verifying a 
lithographic process and/or a semiconductor-manufacturing 
process. In addition, memory 224 may include a modeling 
module 232 (or a set of instructions) for calculating esti 
mated Wafer patterns, mask patterns, and/ or Write patterns. 
For example, the modeling module 232 may include a 
forWard-optical model of an optical path and/or may per 
form an inverse lithographic calculation. Note that such 
optical models may include Fourier representations of the 
optical path. 

[0055] Furthermore, memory 224 may include one or 
more mask and/or Write patterns 234, one or more target 
patterns 236, one or more estimated patterns 244, one or 
more differences 246 betWeen one or more estimated pat 
terns and one or more target patterns, and/or optional 
process conditions (Which may be used to study a process 
WindoW). In addition, memory 224 may include a data 
structure 238 that includes information for different types of 
regions 240 and 242. 

[0056] Instructions in the various modules in the memory 
224 may be implemented in a high-level procedural lan 
guage, an object-oriented programming language, and/or in 
an assembly or machine language. The programming lan 
guage may be compiled or interpreted, i.e, con?gurable or 
con?gured to be executed by the one or more processing 
units 210. 

[0057] Although the computer system 200 is illustrated as 
having a number of discrete components, FIG. 2 is intended 
to be a functional description of the various features that 
may be present in the computer system 200 rather than as a 
structural schematic of the embodiments described herein. 
In practice, and as recognized by those of ordinary skill in 
the art, the functions of the computer system 200 may be 
distributed over a large number of servers or computers, 
With various groups of the servers or computers performing 
particular subsets of the functions. In some embodiments, 
some or all of the functionality of the computer system 200 
may be implemented in one or more ASICs, FPGAs, graph 
ics processors, and/or one or more digital signal processors 
DSPs. 

[0058] Computer system 200 may include feWer compo 
nents or additional components, tWo or more components 
may be combined into a single component, and/or a position 
of one or more components may be changed. In some 
embodiments the functionality of computer system 200 may 
be implemented more in hardWare and less in softWare, or 
less in hardWare and more in softWare, as is knoWn in the art. 

[0059] In an example embodiment, an inverse calculation 
is used in the determining of one or more mask patterns 
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and/or one or more Write patterns. The inverse calculation 
may be based on minimization of an error function (Which 
is also sometimes referred to as a cost function or merit 
function or a Hamiltonian function). During each iteration of 
the calculation, the error function may be a function of the 
di?‘erence betWeen an estimated pattern that results When an 
image of a photo-mask (corresponding to a mask pattern) or 
an image associated With a Write pattern is proj ected through 
a lithographic device or a Write device. In an exemplarly 
embodiment the mask pattern may be represented by a 
level-set function, and the mask pattern is optimiZed by 
employing a gradient descent type algorithm, Where the 
gradient is a Frechet derivative of the merit function. This is 
just one example of many alternative methods for ?nding an 
optimiZed mask pattern that are knoWn to one skilled in the 
art. For example, some embodiments may use the methods 
described in Us. patent application Ser. Nos. 10/408,924; 
10/408,928 (issuing as U.S. Pat. No. 7,124,394); and Ser. 
No. 11/531,673, each of Which is incorporated herein by 
reference in its entirety. Model based optical proximity 
correction, or OPC, is another possible method that can be 
used in some embodiments. 

[0060] We noW discuss methods for determining mask 
patterns and/or Write patterns. FIG. 3 provides a How chart 
illustrating a process 300 for determining a mask pattern in 
accordance With an embodiment of the present invention. 
During this process, a set of regions corresponding to 
di?ferent locations on a target pattern is determined (310). 
Then, a mask pattern is determined in accordance With the 
target pattern and a model of a photolithographic process, 
Wherein the determining includes di?ferent treatment for the 
di?ferent regions (312). The mask pattern, the target pattern 
and/or one or more of the regions may include pixilated 
images. 
[0061] FIG. 4 provides a How chart illustrating a process 
400 for determining a Write pattern in accordance With an 
embodiment of the present invention. During this process, a 
set of regions corresponding to di?ferent locations on a target 
pattern is determined (410). Then, a Write pattern is deter 
mined in accordance With the target pattern and a model of 
a photolithographic process, Wherein the determining 
includes di?ferent treatment for the di?ferent regions (412). 
Note that the di?ferent types of regions in the target pattern 
are accorded di?ferent treatment. The target pattern and/or 
one or more of the regions may include pixilated images. 

[0062] Note that in some embodiments of the process 300 
and/or the process 400 there may be additional or feWer 
operations, the order of the operations may be changed, and 
tWo or more operations may be combined into a single 
operation. 
[0063] We noW discuss data structures that may be used in 
the computer system 200 (FIG. 2). FIG. 5 provides a block 
diagram illustrating a data structure 600 in accordance With 
an embodiment of the present invention. This data structure 
may include regions 510. For example, regions 510-1 may 
include one or more topography types 512-1, optional user 
criteria 514-1, one or more associated features 516-1, one or 
more Weights 518-1, one or more convergence criteria 
520-1, and/or one or more mask rules 522-1. Note that that 
in some embodiments of the data structure 500 there may be 
feWer or additional components, tWo or more components 
may be combined into a single component, and/or a position 
of one or more components may be changed. 
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What is claimed is: 
1. A method for determining a mask pattern to be used on 

a photo-mask in a photolithographic process, comprising: 

determining a set of regions corresponding to di?ferent 
locations on a target pattern; 

representing a ?rst mask pattern With a pixel based 
representation; 

determining a second mask pattern in accordance With the 
?rst mask pattern, the target pattern and a model of a 
photolithographic process, Wherein the determining 
includes di?ferent treatment for di?ferent regions in the 
set of regions. 

2. A method for determining a mask pattern to be used on 
a photo-mask in a photolithographic process, comprising: 

determining a set of regions corresponding to di?ferent 
locations on a target pattern; 

representing a ?rst mask pattern With a pixel based 
representation; 

determining a second mask pattern in accordance With the 
?rst mask pattern, the target pattern and a model of a 
photolithographic process, Wherein the determining is 
dependent upon at least one parameter, and Wherein the 
value of the parameter is di?ferent for the di?ferent 
regions in the set of regions. 

3. The method of claim 2, Wherein the parameter includes 
Weights of the di?ferent types of regions When calculating a 
merit function 

4. The method of claim 2, Wherein at least some of the 
regions are associated With di?ferent geometries of the target 
pattern, such as line ends, inner corners, outer comers, and 
straight regions. 

5. The method of claim 2, Wherein at least some of the 
regions are associated With transistor gates. 

6. The method of claim 3, Wherein a ?rst type of region 
including one or more comers in the target pattern has a 
loWer Weight than a second type of region including one or 
more straight portions in the target pattern. 

7. The method of claim 3, Wherein at least some of the 
Weights are de?ned in accordance With user criteria. 

8. The method of claim 3, Wherein at least some of the 
Weights are de?ned in accordance With topology of one or 
more types of regions in the target pattern. 

9. The method of claim 3, Wherein the Weights are 
associated With features in the target pattern. 

10. The method of claim 2, Wherein the at least one 
parameter includes di?ferent convergence criteria for the 
di?ferent types of regions 

11. The method of claim 2, Wherein the at least one 
parameter includes di?ferent mask rules for the di?ferent 
types of regions. 

12. The method of claim 2, Wherein the model of the 
photo-lithographic process includes a photoresist model or 
an etch model. 

13. The method of claim 2, Wherein the pixel based 
representation uses gray-scale values to provide for sub 
pixel resolution. 

14. The method of claim 13, Wherein the determining is 
performed at sub-pixel resolution. 

15. The method of claim 2, Wherein the determining is 
performed over a range of process conditions in the photo 
lithographic process. 
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16. The method of claim 2, wherein at least some of the 
different types of regions at least partially overlap. 

17. The method of claim 2, Wherein at least one type of 
region in the different types of regions includes one or more 
gates in an integrated circuit. 

18. The method of claim 2, Wherein the different types of 
regions include regions de?ned based on at least a subset of 
functionality in an integrated circuit. 

19. The method of claim 2, Wherein the determining is 
performed in accordance With an optical proximity correc 
tion algorithm 

20. The method of claim 2, Wherein the determining 
includes calculating a gradient of a merit function, and 
Wherein the gradient is calculated in accordance With a 
formula obtained by taking a derivative of the merit func 
tion. 

21. A computer-program product for use in conjunction 
With a computer system, the computer-program product 
comprising a computer-readable storage medium and a 
computer-program mechanism embedded therein for deter 
mining a mask pattern to be used on a photo-mask in a 
photolithographic process, the computer-program mecha 
nism including: 

instructions for determining a set of regions correspond 
ing to different locations on a target pattern; 

instructions for representing a ?rst mask pattern With a 
pixel based representation; 

instructions for determining a second mask pattern in 
accordance With the ?rst mask pattern, the target pat 
tem and a model of a photolithographic process, 
Wherein the determining is dependent upon at least one 
parameter, and Wherein the value of the parameter is 
different for the different regions in the set of regions. 

22. A computer system, comprising: 

at least one processor; 

at least one memory; and 

at least one program module, the program module stored 
in the memory and con?gured to be executed by the 
processor, Wherein at least the program module is for 
determining a mask pattern to be used on a photo-mask 
in a photolithographic process, the program module 
including: 

instructions for determining a set of regions corre 
sponding to different locations on a target pattern; 

instructions for representing a ?rst mask pattern With a 
pixel based representation; 

instructions for determining a second mask pattern in 
accordance With the ?rst mask pattern, the target 
pattern and a model of a photolithographic process, 
Wherein the determining is dependent upon at least 
one parameter, and Wherein the value of the param 
eter is different for the different regions in the set of 
regions. 

23. A method for determining a Write pattern to be used 
by a Write device in a semiconductor-manufacturing pro 
cess, comprising: 

determining a set of regions corresponding to different 
locations on a target pattern; 
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representing a ?rst pattern With a pixel based representa 
tion; 

determining a second pattern in accordance With the ?rst 
pattern, the target pattern and a model of a photolitho 
graphic process, Wherein the determining is dependent 
upon at least one parameter, and Wherein the value of 
the parameter is different for the different regions in the 
set of regions. 

24. A photo-mask for use in a photolithographic process, 
Wherein a mask pattern to Which the photo-mask corre 
sponds is determined in a process including the operations 
of: 

determining a set of regions corresponding to different 
locations on a target pattern; 

representing a ?rst mask pattern With a pixel based 
representation; 

determining a second mask pattern in accordance With the 
?rst mask pattern, the target pattern and a model of a 
photolithographic process, Wherein the determining is 
dependent upon at least one parameter, and Wherein the 
value of the parameter is different for the different 
regions in the set of regions. 

25. A semiconductor Wafer, Wherein the semiconductor 
Wafer is produced in a photo-lithographic process that 
includes a photo-mask, Wherein a mask pattern to Which the 
photo-mask corresponds is determined in a process includ 
ing the operations of: 

determining a set of regions corresponding to different 
locations on a target pattern; 

representing a ?rst mask pattern With a pixel based 
representation; 

determining a second mask pattern in accordance With the 
?rst mask pattern, the target pattern and a model of a 
photolithographic process, Wherein the determining is 
dependent upon at least one parameter, and Wherein the 
value of the parameter is different for the different 
regions in the set of regions. 

26. A semiconductor Wafer, Wherein the semiconductor 
Wafer is produced in a semiconductor-manufacturing pro 
cess that includes a Write device using a Write pattern, 
Wherein the Write pattern is determined in a process includ 
ing the operations of: 

determining a set of regions corresponding to different 
locations on a target pattern; 

representing a ?rst pattern With a pixel based representa 
tion; 

determining a second pattern in accordance With the ?rst 
pattern, the target pattern and a model of a photolitho 
graphic process, Wherein the determining is dependent 
upon at least one parameter, and Wherein the value of 
the parameter is different for the different regions in the 
set of regions. 

27. A data ?le stored in a computer-readable memory, 
comprising information corresponding to a mask pattern, 
Wherein the mask pattern corresponds to a photo-mask that 
is to print a Wafer pattern in a semiconductor-manufacturing 
process, Wherein the mask pattern is determined in a process 
that includes the operations of: 
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determining a set of regions corresponding to di?cerent pattern is determined in a process that includes the opera 
locations on a target pattern; tions of: 

representing a ?rst pattern With a pixel based representa- determining a Set Of regions corresponding IO di?erent 
tion; locations on a target pattern; 

determining a second pattern in accordance With the ?rst repleseming a ?rst Pattarn With a PiXel based representa 
pattem, the target pattern and a model of a photolitho- U011; 
graphic process, Wherein the determining is dependent 
upon at least one parameter, and Wherein the Value of 
the parameter is di?cerent for the di?cerent regions in the 
set of regions. 

28. A data ?le stored in a computer-readable memory, 
comprising information corresponding to a Write pattern, 
Wherein the Write pattern is to print a Wafer pattern in a 
semiconductor-manufacturing process, Wherein the Write * * * * * 

determining a second pattern in accordance With the ?rst 
pattern, the target pattern and a model of a photolitho 
graphic process, Wherein the determining is dependent 
upon at least one parameter, and Wherein the Value of 
the parameter is di?cerent for the di?cerent regions in the 
set of regions. 


